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RELATED APPLICATION 
This application claims the benefit of U.S. Provisional Application No. 60/517,274, 
filed November 4, 2003. 



BACKGROUND OF THE INVENTION 



The present invention relates to molding apparatus and methods, and more 
particularly to apparatus and methods for molding onto a loaded, elastic blank. 



wide variety of applications not previously consider appropriate for fabrics. For example, 
certain high tech fabrics have been developed that include a weave of multifilament yams 
and elastomeric monofilaments. These fabrics provide remarkable load bearing 
characteristics, while at the same time providing appropriate elasticity to be comfortable as a 

15 load bearing fabric in seating applications. More specifically, these fabrics are now widely 
used to form the seats and backs of office chairs and other seating structures. To enable 
attachment of the fabric to a chair seat or other support structure, it is known to mold a 
mounting component directly onto the fabric. The mounting component is typically molded 
about the periphery of the fabric to provide a structure that can be mounted to a fi'ame or 

20 other support structure. In many applications, it is desirable to mount the fabric to the chair 
in a stretched (or loaded) condition primarily because the stretched fabric provides more 
desirable comfort characteristics. The desire to have a loaded fabric complicates the 
manufacturing process — ^at least with respect to the process of molding the mounting 
component onto the fabric. 

25 One current process for manufacturing chair components with a loaded fabric is to 

stretch the fabric before it is placed in the mold for forming the mounting component. In one 
known embodiment of this process, the fabric is stretched prior to molding usinig a stretching 
machine that is located remotely fi-om the mold. An operator loads a section of fabric into 
the stretching machine. The stretching machine clamps the fabric around its periphery and 

30 stretches the fabric to the desired tension. Once stretched, the fabric is shuttled to a loom 
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The development of high tech fabrics has permitted the incorporation of fabric into a 
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station. At this station, a loom is closed onto the fabric to hold it in the stretched condition. 
The loom is then moved to the mold and positioned so that the fabric is property oriented 
with respect to the mold surfaces. The mold is closed about the fabric while it continues to 
be held in the stretched position by the loom. Once the molding process is complete, the 
5 loom carrying the fabric and attached mounting component are removed from the mold and 
returned to the loom station. The loom is removed at the loom station and the fabric and 
attached mounting component are retumed to the operator. The assembly is finished, for 
example, by trimming the excess fabric from the assembly. Although effective, this process 
and the associated apparatus suffer from various disadvantages. For example, the apparatus 

10 is relatively expensive becaiise it requires a stretching machine, a loom and a mold that are 
specially configured to interact with one another. Also, this process results a relatively large 
amount of waste fabric, which can be a significant problem because of the high cost of high 
tech fabrics. With this process, the fabric must include a significant peripheral marginal 
portion that can be gripped and held during the stretching, looming and molding steps. This 

15 marginal portion must be large enou^ not only to extend outside of the mold to the loom but 
also outside of the loom to the stretching machine. After molding, this peripheral marginal 
portion serves no function and is trimmed away and discarded as waste. Further, once the 
fabric is stretched, it begins to decay at the locations where it is attached to the stretching 
machine or loom due to the focused stress. The decay continues until such time as the 

20 mounting component is formed to distribute the stretching forces over a greater portion of the 
fabric. This apparatus also requires a relatively large amount of floor space to accommodate 
the separate stretching machine, loom machine and mold. Additionally, the apparatus 
presents quality control concerns. The apparatus utilizes strain gauges in the stretching 
machine to apply the desired stretch to the fabric. In operation, the stretching machine 

25 monitors the amount of resistance provided by the stretched fabric. Once the predetermined 
resistance is reached, the stretching device stops stretching the fabric and the loom is closed 
onto the fabric. Once the loom is closed on the fabric, the system no longer knows anything 
about the state or condition of the fabric. This can present problems because the fabric is 
under a significant load and may partially separate from the loom in one location or another. 

30 Any separation or other defects that arise after the loom is installed will go unnoticed by the 
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system. This may result in defective parts. 

A number of methods have been developed that overcome some of the disadvantages 
of this apparatus. In one alternative, the fabric is stretched by the closing action of the mold. 
In this altemative, the edges of the fabric are held and the mold parts are specially shaped so 
5 that movement of the mold parts together causes the fabric to stretch. This process requires a 
specific amoxmt of stretch to be built into the mold and does not provide the ability to adjust 
the stretch. In another altemative, hydraulic components are included in the mold. The 
hydraulic components are moved after the fabric has been closed in the mold to apply the 
desired amoxmt of stretch. Although providing some benefits, these altemative methods 
10 continue to suffer fi'om a variety of problems ranging fi^om high cost to product quality 
issues. 

SUMMARY OF THE INVENTION 
The aforementioned problems are overcome by the present invention wherein a 
15 molding apparatus for molding a component onto a stretched blank is provided with an 
integrated stretching assembly. In one embodiment, the stretching assembly is disposed 
about the mold and includes a plurality of clamp assembUes to grip the periphery of a blank. 
The clamp assemblies are selectively movable away firom one another to stretch the blank. 

In one embodiment, the clamp assemblies are mounted to slide assemblies that are 
20 capable of inward and outward movement along the plane of the blank. In operation, the 
slide assemblies are moved outwardly after the blank has been clamped. The amount of 
movement is selected to provide the desired stretch. The apparatus may include four clamp 
assembUes and four slide assemblies disposed in a rectangular arrangement outside the mold. 
For example, the stretching assembly may include top, bottom, left and ri^t clamp 
25 assemblies and slide assemblies. The apparatus may, however, include essentially any 
desired number of clamp assemblies and slide assemblies. For example, additional clamp 
assemblies and slide assemblies may be added to permit different amounts of stretch in 
different regions of the blank. 

In one embodiment, the stretching assembly includes a float plate that is movable 
30 with respect to the mold so that the mold does not interfere with the stretching process. The 
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float plate carries the slide assemblies and clamp assemblies and is movable between a 
stretch position and a mold position. In the stretch position, the float plate is positioned away 
from the mold so that the fabric is not in contact with any portion of the mold during the 
stretching process. In the mold position, the float plate is positioned over the mold with the 
5 fabric closed between the two mold parts. In one embodiment, the float plate is moved into 
the mold position by the closing action of the movable mold part. The float plate is not 
strictly necessary and may be eliminated in some applications. 

In one embodiment, the apparatus includes a robot arm that places the blank in the 
mold. The robot arm may include a placing tool that has a plurality of shot pins that carry the 

10 fabric and transfer the fabric to corresponding fabric pins on the stretching assembly. Each 
shot pin may include a transfer pin that receives the fabric and a sleeve that selectively 
pushes the fabric off of the transfer pin. The sleeves may extend to slide the fabric off of the 
transfer pins onto the fabric pins or the transfer pins may retract so that the sleeves cause the 
fabric to slide off of the transfer pins and onto the fabric pins. In one embodiment, an air 

15 knife assembly may be mounted to the robot arm to substantially straighten the blank during 
the clamping process: 

In yet another embodiment, the molding apparatus includes a plurality of linear 
transducers moimted to the slides to measure movement of the slides. The linear transducers 
provide a mechanism for monitoring the amount of stretch in the fabric. The molding 

20 apparatus may additionally or alternatively include strain gauges to monitor stretching based 
on the resistance of the stretched fabric. The control system may use the information 
providing by the linear transducers and strain gauges to control the stretching process and to 
monitor part quality. 

In yet another embodiment, the molding apparatus may include a stretch measuring 
25 tool for measuring the amount of stretch applied to the fabric. The tool may be incorporated 
into the robot end-of-arm tooUng where it can be used to measure stretch in the stretching 
assembly. The measuring tool generally includes a plurality of blocks movably mounted on 
a frame and a plurality of linear transducers that measure movement of the blocks. Each 
block includes one or more fabric needles that can be inserted into the fabric. In operation, 
30 the stretch measuring tool is moved toward the fabric so that the fabric needles penetrate the 
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stretched fabric. The stretch is then removed from the fabric. As the fabric retracts, it causes 
the blocks to move. This movement is measured by the linear transducers and provided to 
the control system. The control system can use the signals from the linear transducers to 
collect data and ensure quality control. 
5 The present invention also provides a molding method including the general steps of 

placing a blank in a stretching system, operating the stretching system to hold the peripheral 
marginal portion of the blank, operating the stretching system to stretch the blank, closing the 
mold onto the stretch blank while it is held in the stretched condition by the stretching 
system, molding a component onto the stretched blank, and removing the integrated 

10 blank/component from the mold. In one embodiment, the stretching system includes a 
plurality of clamps and the step of operating the stretching system to hold the blank includes 
the step of closing the clamps about the periphery of the blank. In one embodiment, the 
clamps are mounted on movable slides and the step of operating the stretching system to 
stretch the blank includes the step of moving the slides, and consequently the clamps, away 

15 from the mold to apply the desired stretch to the blank. 

The present invention provides a relatively simple and effective apparatus and 
method for molding a component onto a loaded (or stretched) elastic blank. Because the 
stretching system is integrated into the mold, the loom of prior systems is eliminated saving 
in cost, complexity and floor space. Integration of the stretching system into the mold also 

20 reduces the time between stretching of the blank and molding of the component. This 
reduces, and possibly eliminates, decay in the blank. Further, the apparatus of the present 
invention yields less waste material because the amoimt of peripheral material necessary 
during the manufacturing process is reduced. The shot pins of the placing tool provide a 
relatively simple and effective mechanism for transferring the blank into the stretching 

25 assembly. The air knife assembly facilitates proper clamping of the blank by straightening 
out any curling in the fabric. The stretch measuring tool provides a simple and effective 
mechanism that can be used periodically to test for proper stretching of the fabric. The 
stretch measuring tool is integrated into the end-of-arm tooling so that it is readily activated 
when a test measurement is desired. 
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These and other objects, advantages, and features of the invention will be readily 
understood and appreciated by reference to the detailed description of the preferred 
embodiment and the drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a perspective view of a molding apparatus in accordance with an 
embodiment of the present invention. 

Fig. 2 is a front elevational view of the stationary mold part. 
Fig. 3 is a side elevational view of the stationary mold part. 
Fig. 4 is an elevational view of the float plate. 

Fig. 5A is a sectional view of a portion of the stretching assembly showing the top 
slide assembly in two positions. 

Fig. 5B is a sectional view of a portion of the stretching assembly showing the top 
clamp assembly in two positions. 

Fig. 6 is a perspective view of the robot end-of-arm tooling. 

Fig. 7 is a side elevational view of robot arm and placing tool adjacent to the 
stationary mold part. 

Fig. 8 is an enlarged side elevational view of a portion of the placing tool showing the 
fabric on a transfer pin. 

Fig. 9 is a side elevational view of a portion of the molding apparatus showing a shot 
pin retracted and the fabric moved onto the corresponding fabric pin. 

Fig. 10 is a top plan view of a portion of the molding apparatus showing the edges of 
the fabric curled in solid lines and straightened by the air knife assembly in phantom lines. 

Fig. 1 1 is a sectional view showing the stretched fabric in the mold. 

Fig. 12 is a side elevational view of the molding apparatus showing the movable mold 
base closing on the stationary mold. 

Fig. 13 is a side elevational view of the molding apparatus showing the movable mold 
base closed on the stationary mold. 

Fig. 14 is an enlarged sectional view of a portion of the molding apparatus showing 
the float plate in the stretch position. 



Fig. 1 5 is an enlarged sectional view of a portion of the molding apparatus showing 
the float plate in the mold position. 

Fig. 16 is a side elevational view of the open mold with the picking tool holding the 
completed part. 

5 Fig. i7A is a perspective view of the stretch measuring tool in the extended position. 

Fig. 17B is a side elevational view of the end-of-arm tooling showing the stretch 
measuring tool in the retracted position. 

Fig. 17C is a side elevational view of a portion of the molding apparatus showing the 
stretch measuring tool in the extended position and engaged with the fabric. 
10 Fig. 18A is an enlarged side elevational view of a portion of the stretch measuring 

tool showing the needle guard in the closed position. 

Fig. 18B is an enlarged side elevational view of a portion of the stretch measuring 
tool showing the needle guard in the opened position. 

Fig. 19 is a front elevational view of a molding apparatus having an altemative 
15 stretching assembly. 

Before the embodiments of the invention are explained in detail, it is to be imderstood 
that the invention is not limited in its application to the details of construction and the 
arrangements of the components set forth in the following description or illustrated in the 
drawings. The invention is capable of other embodiments and of being practiced or being 
20 carried out in various ways. Also, it is understood that the phraseology and terminology used 
herein are for the purpose of description and should not be regarded as limiting. The use 
herein of "including", "comprising" and variations thereof is meant to encompass the items 
listed thereafter and equivalents thereof, as well as additional items and equivalents thereof. 

25 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

A molding apparatus in accordance with an embodiment of the present invention is 
shown in Fig. 1 and generally designated 10. The molding apparatus 10 generally includes a 
mold 12 for molding a mounting component 20 (see Fig. 16) to a load bearing fabric 16 and a 
stretching assembly 14 mounted adjacent the mold 12 for stretching the load bearing fabric 

30 16 and holding it in the stretched position during molding. The stretching assembly 14 of the 
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illustrated embodiment generally includes a plurality of clamp assemblies 18 (such as, 18a- 
18d) that are operable to grip the peripheral edge of the fabric 16. The clamp assemblies 18 
are movable after gripping to apply the desired degree of stretch to the fabric 16. The mold 
12 is adapted to be closed over the stretched fabric 16 so that the mounting component 20 
5 can be molded onto the fabric 16 while the fabric is held in the stretched condition by the 
stretching assembly 14. In this embodiment, the molding apparatus 10 also includes a robot 
(not shown) for loading the fabric 16 into the mold 12. The robot (not shown) includes a 
placing tool 202 at the end of the robot arm 200 for holding and transferring the fabric 16 
(see Figs. 6 and 7). In operation, the fabric 16 is manually loaded onto the placing tool 202. 

10 The robot arm 200 moves the placing tool 202 into a position adjacent the stretching 
assembly 14 and the placing tool 202 is then operated to transfer the fabric 16 onto the fabric 
pins 86 in the stretching assembly 14. The fabric pins 86 hold the fabric 16 in the 
appropriate position vmtil the clamp assemblies 18 are closed. The present invention is 
described in connection with a molding apparatus intended primarily for use in molding a 

15 component onto a load bearing fabric. The present invention is not, however, limited to use 
with load bearing fabrics, but is well suited for use in molding a component onto essentially 
any stretched material. Further, the present invention is described in connection with the 
molding of a mounting or attachment component to the stretched blank. The present is, 
however, well suited for use in molding other types of components onto the stretched blank. 

20 For example, the present invention may be adapted to mold onto the blank a support frame 
that has sufficient structural characteristics to retain the blank in the stretched condition and 
support a load. 

As noted above, the molding apparatus 10 includes mold 12 for forming a component 
20 onto a fabric blank 16. The mold 12 is generally conventional and includes a stationary 

25 mold part 30 and a movable mold part 32. The mold parts 30 and 32 cooperate to define a 
mold cavity (not shown) in the shape of the desired component 20. The stationary mold part 
30 is rigidly mounted to a support structure 26 and includes a plurality of alignment rods 102 
that, as described below, shepherd movement of the float plate 42 and the movable mold part 
32. The movable mold part 32 is moimted to any of a wide variety of conventional moving 

30 devices, such as a conventional horizontal press 34 (only partially shown in the figures) that 
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opens and closes mold 12 by reciprocating horizontal movement of the movable mold part 
32. The movable mold part 32 includes a plurality of rams 33 (see, e.g., Fig. 12) that, as 
described in more detail below, are used to move the float plate 42 of the stretching assembly 
14 as the mold 12 is closed. 

A stretching assembly 14 is mounted around the stationary mold part 30, but could 
altematively be mounted around the movable mold part 32 or in other locations. As perhaps 
best shown in Figs. 1 and 2, the stretching assembly 14 generally includes a float plate 42 
that is movably moxmted about the stationary mold part 30, a plurality of slide assemblies 
40a-d (four in this case) that are movably mounted to the float plate 42 and a plurality of 
clamp assemblies 18a-d that are operatively mounted to the slides assemblies 40a-d. The 
float plate 42 is movable with respect to the stationary mold part 30 between a stretch 
position (see Fig. 3) spaced away from the stationary mold part 30 in which the fabric 16 can 
be loaded and stretched without interference from the stationary mold part 30 and a mold 
position (see Fig. 15) in which the float plate 42 is disposed over the stationary mold part 30 
and the fabric 16 can be enclosed within the mold 12. Referring now to Fig. 4, the float plate 
42 is somewhat "+"-shaped and defines a central opening 41 adapted to fit around the 
stationary mold part 30 (or altematively the movable mold part 32) when the float plate 42 is 
in the mold position. The float plate 42 fiirther includes a plurality of slide channels 48 (or 
bearing rails) to slidably receive the slide assemblies 40a-d (see Fig. 2). The charmels 48 
may be separately fabricated and attached to the float plate 42 or they may be integrally 
formed with the float plate 42, for example, by machining. The illustrated embodiment 
includes four pairs of slide charmels 48 configured to receive the four slide assemblies 40a-d. 
The float plate 42 also include foxir cylinder brackets 50a-d for moimting the pistons 52a-d of 
stretch cylinders 46a-d (see Fig. 2) to the float plate 42, as described in more detail below. In 
the illustrated embodiment, the cylinder brackets 50a-d are machined or otherwise formed in 
the float plate 42. The cylinder brackets 50a-d may altematively be separately fabricated and 
attached to the float plate 42. The float plate 42 defines guide holes 100 that are fitted over 
the alignment rods 102 on the stationary mold part 30 (see Fig. 1). The alignment rods 102 
support the float plate 42 in an essentially vertical position while at the same time permitting 
the float plate 42 to move horizontally between the stretch position and the mold position. A 



plurality of springs 104 (see e.g., Fig. 3) are disposed between the stationary mold part 30 
and the float plate 42 to bias the float plate 42 away from the stationary mold part 30 in the 
stretch position. In operation, closing of the movable mold part 32 pushes the float plate 42 
from the stretch position to the mold position. Further, opening of the movable mold part 32 
5 allows the springs 104 to retum the float plate 42 to the stretch position. Li an altemative 
embodiment (not shown), the float plate may be held stationary (rather than the stationary 
mold part 30) and the two mold parts may be movable to close on opposite sides of the 
fabric. In another altemative embodiment, the float plate may be eliminated altogether and 
the stretch assembly 14 may be mounted to a mold part. 

10 The slide assemblies 40a-d are mounted to the float plate 42 for reciprocating motion 

toward and away from the mold 12 in a direction roughly parallel to the face of the stationary 
mold part 30 (compare the solid and phantom lines of Fig. 5A). In the illustrated 
embodiment shown in Fig. 1, the stretching assembly 14 is intended to stretch the fabric 16 
one amount in the vertical direction and a different amount in the horizontal direction. 

15 Accordingly, the stretching assembly 14 includes a top slide assembly 40a and a bottom slide 
assembly 40b that cooperate to provide the vertical stretch, and a left slide assembly 40c and 
a right slide assembly 40d that cooperate to provide the horizontal stretch. The number and 
location of the slide assemblies 40 may, however, vary from application to application 
depending primarily on the shape of the blank and the desired stretch profile. The slide 

20 assemblies 40a-d and clamp assembhes 18a-d will be described in more detail with reference 
to Fig. 5A and 5B, which show a sectional view of the top slide assembly 40a and top clamp 
assembly 18a. The bottom, left and right slide assemblies 40b-d and clamp assemblies 18b-d 
are generally identical in construction to the top slide assembly 40a and top clamp assembly 
18a. Like components in the different slide and clamp assemblies share essentially identical 

25 reference numerals that vary only in a letter suffix. More specifically, the components of the 
top slide and clamp assemblies are designated with the suffix "a," the components of the 
bottom slide and clamp assemblies are designated with the suffix "b," the components of the 
left slide and clamp assembhes are designated with the suffix "c," and the components of the 
right slide and clamp assembhes are designated with the suffix "d." The slide assembly 40a 

30 generally includes a substantially planar slide 44a that is movably mounted to the float plate 
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42 in the corresponding channels 48, as well as a pneumatic stretch cylinder 46a that 
interconnects the float plate 42 and the slide 44a. Operation of the stretch cylinder 46a 
causes movement of the slide 44a with respect to the float plate 42. The stretch cylinder 46a 
is a generally conventional locking pneumatic cylinder having a piston rod that can be locked 
5 in a given position. Although this embodiment includes a pneumatic cylinder, the invention 
may alternatively include a hydraulic cylinder or other conventional mechanism. If desired, 
a linear transducer (not shown) can be connected between the slide 44a and the float plate 42 
to permit the control system (not shown) to monitor the position of the slides 44a. The linear 
transducer (not shown) may be integrated into the stretch cylinder 46a or may be a separate 

10 component. A strain gauge 47a may be interposed between the piston rod 52a of the stretch 
cylinder 46a and the float plate 42 so that the strain gauge 47a can monitor the resistance of 
the fabric 16 to the stretching action. The slide 44a generally includes a stretch cylinder 
bracket 72a for mounting the stretch cylinder 46a to the slide 44a, a plurality of head brackets 
66 for pivotally mounting the clamp head 68a to the slide 44a and a clamp cylinder bracket 

15 70a for pivotally mounting the clamp cylinder 74a to the slide 44a. The slide 44a may 
fijrfher include a polyurethane jaw 84a intended to interact with the clamp head 68a to grip 
the fabric 16. The top 40a and bottom 40b slide assemblies also include a plurality of fabric 
pins 86 adapted to receive the fabric 16 as described in more detail below. 

One or more clamp assemblies 18a-d may be mounted to each slide 44a-d. In the 

20 illustrated embodiment, the stretching assembly 14 includes a top clamp assembly 18a, a 
bottom clamp assembly 18b, a left clamp assembly 18c and a right clamp assembly 18d. The 
number and location of the clamp assemblies may, however, vary from application to 
application depending primarily on the shape of the fabric and the desired stretch profile. As 
shown in Fig. 5B, each clamp assembly 18a-d generally includes a clamp head 68a that is 

25 pivotally moxmted to the slide 44a and a clamp head cylinder 74a that is intercoimected 
between the clamp head 68a and the slide 44a. The clamp head 68a is generally planar and is 
pivotally connected to the head brackets 66 along one longitudinal edge by a rod 78. The 
clamp head 68a is configured to close against the polyurethane jaw 84a and may include a 
knurled steel insert 87a configured to engage the jaw 84a when closed. The clamp heads 68a 

30 and 68b of the top and bottom clamp assembUes 18a and 18b each define a plurality of holes 
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88 adapted to fit over the corresponding fabric pins 86 when the clamps heads 68a and 68b 
are closed. The clamp head 68a also includes a drive block 80a that protrudes from the 
remainder of the head 68a in a generally perpendicular direction. The drive block 80a is 
configured to fimction as a clevis to receive the fi-ee end of the piston rod 73a of the clamp 
5 cylinder 74a. The clamp cylinder 74a is pivotally mounted to the clamp cylinder bracket 70a 
so that it is fi-ee to pivot during operation of the clamp head 68a. If desired, a linear 
transducer (not shown) or other position sensing device can be mounted to the clamp cylinder 
74a to permit the control system (not shown) to monitor the position of the clamp head 68a. 
For example, the linear transducer body (not shown) may be mounted to the clamp cylinder 

10 74a with its shaft extending through a corresponding transducer ring mounted to the end of 
the piston rod 73a. In this way, relative movement between the body of the clamp cylinder 
74 and the end of the piston rod 73a can be measured by linear transducer. The control 
system (not shown) can use this information to monitor the position of the clamp assembly 
40, primarily as a failsafe. 

15 The molding apparatus 10 may also include a robot (not shown) with a robot arm 200 

(Fig. 6) for moving the fabric 16 into and out of the mold 12. The robot and robot arm 200 
are generally conventional and are therefore not described in detail. In this embodiment, the 
molding apparatus 10 includes a placing tool 202 located at the end of the robot arm 200. 
The end-of-arm placing tool 202 is adapted to receive the fabric 16, carry the fabric 16 as the 

20 robot arm 200 moves the tool 202 fi-om a fabric loading station to the stretching assembly 14 
and transfer the fabric 16 onto the fabric pins 86 of the stretching assembly 14. In the 
illustrated embodiment, the placing tool 202 includes a fi-ame 204 supporting four top shot 
pins 206 and four bottom shot pins 206 that cooperate to carry the fabric 16 to the stretching 
assembly 14 and then to move the fabric 16 onto the fabric pins 86. The various shot pins 

25 206 are arranged to align with the fabric pins 86 when the robot arm 200 is in a position to 
unload the fabric 16 onto the stretching assembly 14 (see Figs. 7, 9 and 10). Each shot pin 
206 includes a retractable transfer pin 210 and an outer sleeve 212. The retractable pins 210 
are movably operable (such as, for example, pneumatically operable) between an extended 
position (see Fig. 8) to receive the fabric 16 and a retracted position (see Fig. 9) for moving 

30 the fabric 16 onto the fabric pins 86. In this embodiment, the transfer pins 210 retract 
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mechanically as the robot arm 200 moves into the fabric pins 86. The transfer pins 210 may 
altematively be retracted pneumatically by other mechanisms. As the robot arm 200 moves 
the placing tool 202 toward the fabric pins 86, the transfer pins 210 retract as a result of 
engagement with the fabric pins 86 so that the transfer pins 210 and fabric pins 86 remain in 
5 tip-to-tip contact. In those applications where the transfer pins 210 are actively retracted, the 
timing of the retraction of the transfer pins 210 and the advancement of the robot arm 200 are 
controlled by the control system (not shown) in a conventional manner. As a result of this 
action, the fabric 16 is pushed off of the transfer pins 210 and onto the corresponding fabric 
pins 86 by the outer sleeves 212. To facilitate alignment, the end of each transfer pin 210 

10 may be concave and the end of each fabric pins 86 may be rounded, or vice versa, so that the 
tips can be somewhat interfitted. Altematively, the transfer pins 210 may include a hollow 
tip that is fitted over a portion of the fabric pins 86 to facilitate fabric transfer. As an 
example of this alternative construction, each of the transfer pins 210 may have a 
substantially larger diameter than the corresponding fabric pins 86 and each may define an 

15 end bore (not shown) dimensioned to be fitted over the corresponding fabric pins 86. 
Although the depth may vary, the end bore (not shown) may be approximately one-quarter 
inch or so in depth so that there is a substantial telescopic overlap between the fabric pins 86 
and transfer pins 210. The robot arm 200 may also include an air knife assembly 220 (Fig. 
10) to straighten the fabric 16 for clamping. The air knife assembly 220 includes a left 

20 nozzle array 222 and a right nozzle array 224, each mounted to the frame 204. Each nozzle 
array 222 and 224 includes a plurality of nozzles 226 that cooperatively direct pressurized air 
in the left and right directions. The air knife assembly 220 is connected to a supply of 
pressurized air (not shown) and includes a conventional valve (not shown) that permits the 
control system (not shown) to selectively operate the air knife assembly 220. In use, the left 

25 and right walls of air push the fabric 16 against the slides 44 of the left and right clamp 
assemblies (see Fig. 10). The air removes any unwanted curling of the fabric 16 that might 
otherwise impair the ability of the clamp assemblies to close on the fabric 16. 

Although not shown in detail, the robot arm 200 may also carry a picking tool 230 for 
removing the fabric 16 and molded component 20 from the movable mold part 32 after the 

30 molding process. The picking tool 230 is generally conventional and therefore will not be 
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described in detail. Suffice it to say that the picking tool 230 may be mounted to the end of 
the robot ami 200 on the side opposite the placing tool 202, and may be configured to grab 
one or more sprues, runners or other parts of the completed component (see Fig. 16). Once 
grasped by the picking tool 230, the robot arm 200 shuttles the finished product back to the 
5 fabric loading station where it can be removed by the operator. 

In operation, the process begins by loading a segment of fabric 16 onto the shot pins 
206 of the placing tool 204. With reference to Fig. 6, the fabric 16 is pre-cut to the desired 
shape and defines a plurality of moimting holes 17 adapted to be fitted over the retractable 
pins 210. Fig. 6 provides only a representation of the fabric 16 and is not intended to 

10 accurately illustrate the weave of the fabric. In many applications, the strands of the fabric 
will be of a significantly tighter weave than shown in the figures and will include a weave of 
horizontally extending strands and vertically extending strands. The present invention is not 
limited for use with fabrics, but is also well suited for use with other stretchable blanks. For 
example, the present invention may be used with an elastic membrane. In the illustrated 

15 embodiment, the fabric 16 is manually loaded by fitting the pre-cut holes 17 over the 
corresponding transfer pins 210. Although the illustrated embodiment includes shot pins 206 
only along the top and bottom of the fabric 16, additional shot pins 206 may be added in 
other locations, for example, along the left and right edges. The robot arm 200 then moves 
the fabric 16 to the stretching assembly 14 (see Fig. 7). The robot arm 200 is then positioned 

20 such that the retractable pins 210 are aligned with the fabric pins 86 tip-to-tip. In those 
embodiments where the retractable pins 210 are configured to be fitted over the fabric pins 
86, the robot arm 200 may be positioned so that the retractable pins 210 are telescopically 
fitted over the fabric pins 86. The robot arm 200 is then moved inwardly toward the fabric 
pins 86. Simultaneously, the pneumatic pressure in the retractable pins 210 is released 

25 allowing the retractable pins 210 to be pushed back into the sleeves 212 at the same rate as 
the robot arm 200 is moved inwardly. This action continues until the fabric pins 86 have 
moved into the sleeves 212 and the sleeves 212 have in effect pushed the fabric 16 off of the 
retractable pins 210 and onto the fabric pins 86 (see Fig. 9). The air knife assembly 220 is 
then operated to blow the fabric 16 down against the face of the jaws 84 on the left and right 

30 clamp assembles 18c and 18d (see Fig. 10). While the air knife assembly 220 is operating. 
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the left and right clamp assemblies 18c-d are closed roughly ninety percent or so. As a 
result, the left and right clamp assemblies 18c-d prevent the fabric 16 fi^om re-curling once 
the air knife assembly 220 is disengaged, but do not pinch the fabric, which could interfere 
with the vertical stretch. The robot arm 200 is then moved away from the mold 12 a 
5 sufficient distance so that the top and bottom clamp assemblies 18a-b may close on the fabric 
16. In this embodiment, the vertical and horizontal stretching are done separately. First, the 
vertical stretch is applied to the fabric 16 using the top and bottom clamp assemblies 18a-b. 
Although the vertical stretch is applied first in the described embodiment, the horizontal 
stretch may be applied first or the horizontal and vertical stretch may be applied 

10 simultaneously. The top and bottom clamp assemblies 18a-b are closed onto the top and 
bottom edges of the fabric 16. More specifically, the clamp cylinders 74a-b of the top and 
bottom clamp assemblies 18a-b are extended to pivot the corresponding clamp heads 68a-b 
onto the top and bottom peripheral edge of the fabric 16. The fabric 16 is gripped between 
the polyurethane jaw 84a-b on the slide 44a-b and the knurled steel insert 86a-b in the clamp 

15 head 68a-b. As the clamp heads 68a-b close, the fabric pins 86 fit into the holes 88 in the 
clamp head 68a-b so that they do not interfere with the clamp head 68a-b closing. The top 
and bottom slide assemblies 40a-b are then moved away from one another to apply the 
desired stretch to the fabric 16. A portion of the molding apparatus 10 is illustrated in Fig. 1 1 
showing the top clamp assembly 18a closed and the top slide assembly 40a extended to apply 

20 stretch to the fabric 16. The amount of movement of the slide assemblies 40a-b can be based 
on a predetermined distance (e.g. using feedback from the linear transducers) or based on the 
tension in the fabric (e.g. using the strain gauges 47a-b disposed between the slides 44a-b and 
the float plate 42) or based on time (e.g. extend the stretch cylinders 46a-b for a specific 
amount of time). Next, the horizontal stretch is applied. As noted above, the left and right 

25 clamp assemblies 1 8c and 1 8d may ahready be closed roughly ninety percent. In applications 
where they are partially closed, the left and right clamp assemblies 18c and 18d are fiiUy 
closed onto the left and right edges of the fabric 16 while the fabric 16 remains under the 
vertical stretch. If desired, the left and right clamp assemblies 18c and 18d need not be 
closed after the vertical stretch has been applied. Rather, the left and right clamp assemblies 

30 18c and 18d may be previously closed, for example, at the same time as the top and bottom 
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clamp assembles 18a and 18b are closed. Consideration should be given, however, to the 
impact that the closed left and right clamp assemblies 18c and 18d may have on the vertical 
stretch. The left and right clamp assemblies 18c and 18d are closed in essentially the same 
manner as the top and bottom clamp assemblies 18a and 18b described above. Once closed, 
5 the left and right slide assemblies 40c and 40d are operated to apply the desired stretch to the 
fabric 16. As with the vertical stretch, the amount of horizontal stretch can be based on the 
distance of movement of the slides 44c-d, the tension in the fabric or the amount of time of 
movement of the slides 44c-d. In this embodiment, the air knife assembly 220 fimctions to 
address curling on the left and right sides of the fabric 16 and is disengaged once the left and 

10 right clamp assemblies 18c and 18d have been partially closed. In other applications, the air 
knife assembly 220 may be configured to address curling in other locations on the fabric or 
the air knife assembly 220 may be eliminated. Fig. 12 shows the molding apparatus with the 
fabric 16 stretched and held within the stretch assembly 14. As described, the illustrated 
embodiment includes a pair of opposed slide assemblies 40a-b and 40c-d that stretch the 

15 fabric 16 in opposite directions. In some applications, one or more of the slide assemblies 
40a-d can be eliminated. For example, in one alternative, the top slide assembly 40a can be 
eliminated and the top clamp assembly 18a can be mounted directly to the float plate 42. In 
this embodiment, the bottom slide assembly 40d moves to apply the vertical stretch to the 
fabric 16. Similarly, either the left or right slide assembly 40c-d may be eliminated with the 

20 left or right clamp assembly 1 8c-d being mounted directly to the float plate 42. 

Once the fabric 16 is stretched, the movable mold part 32 is closed onto the stationary 
mold part 30. In the illustrated embodiment, the movable mold 32 is moved in a horizontal 
direction using a conventional horizontal press 34. As noted above, the closing action of the 
movable mold part 32 causes the float plate 42 to move into the mold position (see Fig, 15). 

25 More specifically, the movable mold part 32 includes a plurality of rams 33 that engage the 
float plate 42 (see Fig. 13) and move it against the bias applied by springs 104 (Compare 
Figs. 14 and 15). This movement of the float plate 42 over the stationary mold part 30 
permits the two mold parts 30 and 32 to close about the fabric 16. As noted above, the two 
mold parts 30 and 32 cooperatively define a mold cavity (not shown) in the shape of the 

30 desired component. Molten material is injected into the mold cavity in a conventional 



- 16- 



manner. In this embodiment, the molten material is injected into the mold cavity via 
spraes/runners in the movable mold part 32. The molten material flows through and fills the 
mold cavity to encapsulate the fabric 16. Once the molten material is sufficiently cool, the 
mold parts 30 and 32 are opened. More specifically, the clamp assemblies 18a-d are opened 
5 and the movable mold part 32 is moved horizontally away firom the stationary mold part 30 
by the horizontal press 34. As the movable moid part 32 moves away fi*om the stationary 
mold part 30, the springs 104 move the float plate 42 away fi*om the stationary mold part 30. 
The sprues/runners (not shown) in the movable mold part 32 are configured to define 
conventional "sucker" pins (not shown) that mechanically intersecure the molded part and 

10 the movable mold part 32. Because of the interconnection created by the sucker pins (not 
shown), the fabric 16 and integrally molded component remain on the movable mold part 32 
during this portion of the mold opening process. As a result, the molded part remains on the 
movable mold part 32 and continued horizontal movement of the movable mold part 32 
carries the molded part away from the float plate 42. The movable mold part 32 is moved a 

15 sufficient distance from the stationary mold part 30 for the part to be removed by the robot 
arm 200. The robot arm 200 is moved into a position adjacent to the movable mold part 32 
and the component 20 is grasped by the picking tool 230 (see Fig. 16). Once the fabric 16 
and attached molded component 20 are in the picking tool 230, the robot arm 200 shuttles the 
assembly back to the loading station where it can be removed by the operator. 

20 In one embodiment, the molding apparatus 10 also includes a stretch measuring tool 

300 (see Figs. 6 and 17 A) for evaluating the accuracy of the stretch of the fabric 16. In this 
embodiment, the stretch measuring tool 300 is moimted to the end of the robot arm 200 
within the fi-ame 204 of the placing tool 202. The stretch measuring tool 300 may be 
mounted to a pneumatic or hydraulic cylinder, such as cylinder 320, or to a linear actuator or 

25 other device capable of moving the stretch measuring tool 300 with respect to the &dme 204 
toward and away from the fabric 16 (compare Figs. 17B and 17C). The cylinder 320 may be 
mounted directly or indirectly to the robot arm 200. The stretch measuring tool 300 
generally includes a base 340, a frame 302 movably mounted to the base 340, a plurality of 
blocks 304 movably mounted to the frame 302 and a plurality of linear transducers 310 (see 

30 Fig. 17A) for monitoring movement of the blocks 304 with respect to the frame 302. In this 
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embodiment, the base 340 is secured to the fixed portion of cylinder 320 so that it remains 
stationary during operation of the stretch measuring tool 300 and the fi^ame 302 is secured to 
the piston rod 321 so that the frame 302 moves with respect to the base 340 as the cylinder 
320 is extended and retracted. The base 340 is generally "+"-shaped having four arms 342a- 
5 d. The base 340 may have other shapes as desired. The base 340 defines a central opening 
354 through which passes the piston rod 321 of the cylinder 320. The central opening 354 is 
of sufficient dimension to permit the piston rod 321 to move fi-eely as the cylinder 320 
operates. The base 340 includes a generally "U"-shaped needle guard 344a-d mounted to the 
end of each arm 342a-d. The needle guards 344a-d are pivotally mounted to the base 340 

10 and each includes a spring 356a-d adapted to bias the needle guard 344a-d in an open 
position. The needle guards 344a-d fimctionally interact with the frame 302 to selectively 
cover the fabric needles 312, as described in more detail below. Each of the four arms 342a- 
d defines a guide hole 346a-d for slidably receiving a corresponding alignment rod 348a-d 
extending from the frame 302, as described in more detail below. The frame 302 is also 

15 generally "+"-shaped having four arms 360a-d that provide a support structure for the blocks 
304. The frame 302 may have other shapes as desired. An alignment rod 348a-d is rigidly 
mounted to each of the arms 360a-d of the frame 302. The alignment rods 348a-d slidably 
extend through the guide holes 346a-d to shepherd movement of the frame 302 with respect 
to the base 340. A block 304 is movably mounted to the end of each arm of the frame 302. 

20 More specifically, each block 304 is slidably mounted for reciprocal movement over a pair of 
support rods 380 extending in the direction of the arms. The free end of each support rod 
380 may be enlarged or include a nut or other stop mechanism to retain the blocks 304. A 
plurality of springs 308 may be mounted over the support rods 380 between the blocks 304 
and the frame 302 to bias the blocks 304 in the outermost position. A separate linear 

25 transducer 3 10 is moimted between the frame 302 and each block 304 so that each transducer 
310 produces signals indicative of the position of the corresponding block 304 on the support 
rods 380. The linear transducers 310 may alternatively be replaced by other sensing devices. 
Each of the blocks 304 includes a pair of fabric needles 312 that are arranged to penetrate the 
fabric 16 between the strands. The fabric needles 312 may be replaced by other components 

30 that may attach to the fabric 16. In operation, the stretch measxire tool 300 is used to test the 
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stretch of the fabric 16 after the fabric 16 has been stretched, preferably, a first time to 
remove any slack in the fabric and the like, and, preferably, before the moxmting component 
or other member is molded to or about the fabric. In a preferred method, the following 
general steps can be followed: move the stretch measuring tool 300 toward the fabric 16 by 
5 operation of cylinder 320 so that the fabric needles 312 penetrate the fabric 16, move the 
slide assemblies 40a-d to their un-stretched positions so that all stretch is removed fi-om the 
fabric 16 and monitor the signals generated by the linear transducers 310 as the fabric 16 
shrinks back to its original size as the stretching force is removed. Fig. 17C shows the 
stretch measuring tool 300 after the stretched has been removed and the blocks 304 have 

10 been moved by the shrinking of the fabric 16. To illustrate the movement of the blocks 304, 
Fig. 17C also shows the original position of the blocks 304 in phantom lines. The 
information provided by the linear transducers 310 can be analyzed by the control system to 
determine whether the appropriate stretch is being applied to the fabric 16. After the 
measuring process is complete, the stretch measuring tool 300 is moved away fi'om the fabric 

15 16 until the fabric needles 312 are withdrawn fi-om the fabric 16. Operation of the needle 
guards 344a-d is described in connection with Figs. 18A and 18B. The needle guards 344a- 
d are configured to move between open and closed positions as the fi-ame 302 is extended 
into and retracted firom the fabric 16. When the stretch measiaring tool 300 is in the retracted 
position, the fi-ame 302 has engaged and is holding the needle guards 344a-d in the closed 

20 position (see Fig. 1 8 A). In this position, the needle guards 344a-d cover the fabric needles 
312 to reduce the risk of injury to the operator. As the stretch measuring tool 300 is 
extended, the fi-ame 302 moves away fi-oin the base 340. As the firame 302 moves away from 
the base 340, the springs 356a-d pivot the needle guards 344a-d into the open position (see 
Fig. 18B). This permits the frame 302 to extend beyond the needle guards 344a-d. The 

25 needle guards 344a-d may engage a portion of the base 340 or a stop attached to the base to 
prevent them from over-rotating. The springs 356a-d hold the needle guards 344a-d in the 
proper position against the base 340 (or other stop) to receive the frame 302 when the stretch 
measuring tool 300 is again retracted. When the stretch measuring tool 300 is retracted, the 
frame 302 moves back into engagement with the needle guards 344a-d. As the stretch 

30 measuring tool 300 is fiirther retracted, the frame 302 closes against the needle guards 344a-d 
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pivoting them against the bias of the springs 356a-d back into the closed position. The fabric 
16 can then be re-stretched for molding. Altematively, the stretch measuring tool may be 
readily configured to engage and measure the fabric as it is being stretched, rather than as it 
is being released fi-om its stretch. 
5 In an alternative embodiment, the molding apparatus includes an alternative 

stretching assembly that has additional clamp assemblies and slide assemblies that permit the 
amount of stretch applied to the fabric in different locations to be varied. Except as 
described below, the components of the alternative molding apparatus are essentially 
identical to those of the embodiment described above and therefore will not be described. 

10 One embodiment of this alternative molding apparatus 400 is shown in Fig. 19. In this 
embodiment, the stretching assembly 414 is adapted to permit a different amount of 
horizontal stretch to be applied to the upper portion of the fabric than the lower portion of the 
fabric. As shown, the stretching assembly 414 includes upper 416 and lower 418 left clamp 
assemblies, upper 420 and lower 422 left slide assemblies, upper 424 and lower 426 right 

15 clamp assemblies and upper 428 and lower 430 right slide assemblies. The opposed upper 
clamp assemblies 416, 424 and opposed upper slide assemblies 420, 428 cooperate to apply 
horizontal stretch to the upper portion of the fabric (not shown) while opposed lower clamp 
assemblies 418, 426 and opposed lower slide assemblies 422, 430 cooperate to apply 
horizontal stretch to the lower portion of the fabric (not shown). In this embodiment, 

20 opposed lower slide assemblies 422, 430 can be moved apart a different distance than the 
opposed upper slide assemblies 420, 428 to provide a different stretch in the lower portion of 
the fabric. The use of different amovmts of stretch in different portions of the fabric may be 
beneficial in a variety of apphcations. For example, in the context of a chair back, the lower 
portion of the fabric (not shown) can be stretched farther in the horizontal direction than the 

25 upper portion of the fabric to provide firmer support in the Ixmibar region of the chair back. 
In other applications, the number and location of the clamp assemblies and slide assemblies 
can vary as desired. 

The above description is that of a preferred embodiment of the invention. Various 
alterations and changes can be made without departing firom the spirit and broader aspects of 
30 the invention as defined in the appended claims, which are to be interpreted in accordance 
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with the principles of patent law including the doctrine of equivalents. Any reference to 
claim elements in the singular, for example, using the articles "a," "an," "the" or "said," is 
not to be construed as limiting the element to the singular. Variations and modifications of 
the foregoing are within the scope of the present invention. It is understood that the 
5 invention disclosed and defined herein extends to all alternative combinations of two or more 
of the individual features mentioned or evident fi"om the text and/or drawings. All of these 
different combinations constitute various alternative aspects of the present invention. The 
embodiments described herein explain the best modes known for practicing the invention and 
will enable others skilled in the art to utilize the invention. The claims are to be construed to 
10 include alternative embodiments to the extent permitted by the prior art. 

Various features of the invention are set forth in the following claims. 
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